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¥ le Tests of rod-producing warhoads have indicatsd that rod-like
5 frasnonts becone inoroasingly difficult to obtain in high l=agth/

width retios as fragrmont vclocities rise adovs the L4000 ft,/nace
rongoe Thio toot is the ficrst of & soriss plenasd to furthsr
l{avestizcte this phencaecnon, )

¢ catamey

2, Uncar ths conditiona of this toot, 3/8" oaumre rods of 6-1/20

end 12-1/20 lengths wars ervallsd faca cylindrical warhaadsn b
avzraso valecdtdos of 2430 ftefucde 0nd 3595 $tefeace, reopsciivaly,
Tho only bresking of tho roda ccourred a4 tho extrond ordae
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Je & rotallusziesl excuinntion of thy ra2da wiy condueded, 4ncliting

3 ) ti
e dobuwnination of thy hardnuss pathzen onlonding thaoush 2ha red v
fran Lo cxplosive faes to $ho o0r:snlito oldoe A conuldorilla aisuud il
of ¢l wonking of t2y rod matsrial 10 svidente F
1
he Tao dislgn of the uarbond will de cli-izod for futurs woolk to 0!
. 0ore polily approxivate a fres-rod¥ varizads |
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1l AUTHORITY:

This test was authorized by roference (a) and conducted under
Task Assignment Nos, NPG-Re3d=-i:42-1l«52 and NPG-Re3d-442-1~53,
establighed by references (b) and (c).

2, REFERENCES:

. 8s DUORD Conf 1ltr NP9 #e3d-AMsbe Ser 9607 of 29 June 1950
0 - © be BUORD Conf ltr P9 Ho)d-iiKB:hm Se:* 23908 of 4 August 1951
O0e BUORD Conf 1ltr !P9 Re3d-AMsbe Ser 42653 of 29 July 1952
de NPG Conf Raport Ho, 1106 (To be published)

e, NPG Conf Roport Moe 949 of 1 April 1952

fe INPG Conf Raport loe 979 of 9 Hay 1952 :
8¢ UNPG Conf Report loe 1009 of 14 July 1952 A

-_— ..,

3. BACKGROUND AND OBJECT OF TEST:

Tosts of rodeproducing warheads by thes ilaval Proving Ground
and othor activities hivo indicatod that rod-like fragmonts becone
increansingly difficult to obtain in lonzth/width ratios of 24 or
higher as velocitiens rime above the 4200 ft./toc. rango (rofere

ences (8), (£), and (g)).

Further ianvestigaticn of thia phonomenon indicated that while
taperod rods would hold together at gomsvhat highar velooitios
than would the usual rcctangular rod, the parforannce at vclocities
proposcd for nispile warhoads was not ylolding dosign length rodo.
If this difficulty vsre invurmountebdle, tho warhsad doeigner would
bo loft with two (2) aiternatives; to reduce tho initial volocity
of the fraguents to that which would produce dosiga longth Irage
nenta, or to dooipn the warhoads for rod-like fragnonts of length/

width ratios of as low as 5 up to possibly 12,

L LI R W
I3

To aid in resolving thio probler, it was desired to secure
infornmation concarning tho break-up of rectangular rods expslled
undor optinum conditions at various velccitioas.

Tho Haval Proving Ground has dos’gned, fabricated, and fired
the first nodel of a warhead dseigned to give some indication of the
| optimum obtainable longth/width ratios in rod-like fragamsnts from

; warhoads,
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4o DESCRIPTION OF ITENS UNDER TEST:

PRRSIAAE S - I

The warheads designed and fabriocated for this test ars schown
in Figures 1l-3, inclusive,

The outaer wall of each warhead wis & single row of rods, naede
by outting 3/8% square bar stock (hot rolled AISI C-1C25 sioel,
a8 recoivad) to tho desirod longthe The rods fit into 1/4% daop
grooves in the uppor and lower rings and ware woelded witi a sinzle
boad (ona (1) pass) at each end, around the outside, to insura
ripgidity of the asszendly.

LIRS PPN

7 Bl Rl oG L S s

7he inner well, forming the contral void, was fabricatod of
20 gauge choot irone Tha sp2es botwdsa the outer wall of rodo and
the innsr shoot iron wall was loaded with Compusition C=34 Tha
ono (1) iach top spacs was alao Lloaded with Corpoaition C=3 after
doteraining the o:plosive welicht in tho annula> egpico.
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Thes eupty and loaded woightos wore &8 followst

e s i (4 % g ) e S U WA
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N

R4, Rod Bopty Chge Chge Top Chie Wte  Tohnl i,
Fosy  Loroth MeEal S8emdl UJamep L Getadl anvdvedl

" .

A VO -

3 1 6-1/27 31,16 1b, 7¢39 lbe 14,00 1Ibe 11,39 lbe 42456 Lt

i3 _ , {

2 6=2/22 31,07 1be  7e34 1ba 3496 2B 11,30 1bs 42436 1be ; 1

3 |
I i1 3 6=1/2" 31,21 1bs 7432 1bs  5e10 Abe 11,42 1be 42,61 lb, é\
o . . 1
5 f L 12-1/2" 48,94 1be 14479 1be 4408 1b, 18,57 1b, 67431 be !
ﬁi5 5 12=2/2% 48,75 1lbe 14,90 1bde 4,11 1dy 13,01 by, 67675 1be %i
A ‘ iB
!;i 6 12=1/2% 48,80 1be 14633 1be 3489 1be 18,72 1be 67449 1be ﬁ
T :
:: ;} "‘%
3 :
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5« PROCEDURE;

Each warhead was placed vertically on a stand, ¢ or 7 feet high,
at tho centor of the 30 foot radius fragment volocity arena, The
fragmont velocitios were cobtalned by photographing, with two (2) )
high opoed camsras, tho detonation of the warhoad and the subsequent v,/_
impaots of the fragnants on the steel flash plates at a distance of
thirty (30) feate An 1800 repens synchronous motor clock, and a
glow lanp and a ons (1) kilocycle por socond generator wera used to
establiash the filn rates for the oemeras,

A pack of cane fiber-board was uscd to recover a sanple of the
rodes, :

Aftor each round the stesd) flash plates wore photographed to.
show the impacts, and tho impacts wora then marked so that the
impastes of the following round would bo diotinguicliable, Tho 1mage
of the injact hes Loan circled ca the photographs, so that the
inpacts for a single round aro rocdily discornidlo (Figurcs 6-17).

6e RUJULTS AHD DISCUSSION:

Datailod valocity data are given in Table I, Apponlix (C)e The
avorapge veloolties wore as followas

g
' y'
_ A
4
(3-]
1%
21
i

e ey

-t
——ou - o gus—— pas

£ fde 1 6=1/2% rods 3560 ft,/000e 3470 fte/800e 3
l".‘. - i
;% Rde 2 §=1/2" roda 3450 tt,/006. 3450 £tofeace ti
é; Rde 3 6=1/2" rods voloaity viesoed bestuse of falldurs of
ﬁ . photographie aquipaente i
gg _ Rde & 12-1/2% rods 3600 fte/000, 3630 fto/s00, j
| i nd, 5 12-2/2% rods 3400 ft./60a, 3610 fto/e0ae ?
% Ly !
¢ 1k Rde & 2=1/2% rods 3560 fte/oac, 3520 ft4/z00s g
¥ Tho averago valuo for the 6-1/2% rods is 3400 ft./cocs and for t
gl the 12-1/2% roda 3595 fte/soce
¥ The irpocts on tho flach plates wore noisured afteor sach round, B
G and thrus measuraments are ziven in Tavle I, Appondix (D), Photos :
i of tho platea ara includod a3 Pigures 6«17, inoclusivee The rods i
;. recovarad froa the cans fiber-board pack ore chovmn in Figurea 18 ﬂ
i and 1Y% . P
o } g,'
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The impact lengths, as measured on the plates, indicate that
a large parcentage of the rods wers either tumbling or were travole
ing with the long axis tilted at random angles Irom the normal to
the trajoctory, Hole dimonslonus, where givon in the table, indicate
a complete penetration of the flash plato of the length given,

Neither the impacts on the plates nor tha rods recovered indi-
cate any break-up of rods oxcopt at the extrame ends, The comdbie
nation of the 1/4" deep grooves in whilch the rod ends ware placed,
and the "singlo-pags’ wolding bead at the corners foruzd by the
rods and the end plates, olffersd greator rseistance to the release
of the rods than was oxpooted or dasirsd, Thls caused the rods to
bond and naock down bofore pnlling out of the upper groove and to
breeck at the vold at the louar ende The strengtih of the Joint at
the lowor ond of the rod probably nccentuated the tin~off of the

rods, and tendad to causo tunbdblinge

It wvae originally plannod that this first sol of wirhaads would
expol rods ot & volooiity visrs it was fairly cortain ths rods would
b3 of desicn length, Tho next sten wia thon to bo & modification
of tho prousat desipgn only bty dncroasing tho thichnoess of the explo-
olvo ananlua, until the xrxdnua veloclity for doalgn langih rods waa
sbirincd, Horaver, ths condition of the rods rccovored frou this
first firdng indicaten that the desipa of tho worbcod ousd bo chiapged
to noro nearly &pprorinate a Rfreo-roa® wiarlicad 1f thy optixun

roculis ars to ba obdlainsd,

0o (1) of tho 12-1/2" rods rocovsrcd fron ths filsreboard pack
wvas coctionod at a point tdll rocoved fiea thia endrme A& corice of
Knoop herduoss rocdings wnn tekom asrors vhig caciion, froa o polut
as cloco &1 poociblo to tio vod currecy tihlca had bBacn touned the
explooiva to thy opnoalte 0Lidde i voluss obtsined are listad in-
Tadle IXI and Figuro 23, end photoslcror.i0hs of thn vnd grain
strucituro are inrclud:d en Yigures 83, £, ond 22 Tuaa hordncos of
thoe rod ratericl bofors firing was RNochidld D77, corrsogoiliing to
a Knosp hardness nuihur of 126 co that thors 13 cory Inarcase of
hardneus tirou-~hout the rod thicknass, end a raxizvn hawdcnlng of
approcinately 200 Kaoop hardnsss nusboras, It is ioioresting to
noto that sthis hardnsvs pattorn c¢lossly resondbles tint obtainad in

single rod firings from the %rod gun,™ as shoua in reforonce (d)e
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Chemical analysis of the rod material indicated the following
conpositions

Chemica) Analyasis )
g B 3
022 = 427 o012 = 014 #033 ~ ,039
Spmgtrozvaphic Analvais
T} Ha ¢ M Mo Lu

’ .16 had .18 OIOIO -; .’06 <¢°9 <Qb8 <o°6 .07

Although this materisl vas ordersd as AISI C~1020 stesl, the
above analyois indicates that it was uctually C-=102) oteol,

PARTD

COTGIUATONY

7« Under the conditions of this test, 3/E" aquars rods of 6-1/2w
and 12+1/27 longthn viors oxpollad from cylindrienl varheoads at

avoragoe volocitles of 3480 ft./s00e and 3595 ftefsuie, vccpoctivelye

The only brozling of the vods ococurred at the uxtre:2 onds,

A notallurgical oxcnination of the rods was contuutad, including
- & dotornination of tho hardnouss pattern extonding throuzh tha rod
from the explooive face to tho opposite nides A coinldorabla auount

of cold working of the rod ratorial is ovidont,

The dosizn of the warhead will bs changod for future work to
more noarly approxinate a "free-rod" wariocad,
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The tests upon which this rébort is based wore conducted bys
,

!
Re Be HcCONNELL, Head Physics Division | 1
Terminal Balliotics Department 1

& TR TSSSSSYs
T

V. PHILIPCHUK, Head Fragmentation Divislon
Terninal Ballistics Department

De S. PARKER, Metallurgist
Terminal Ballistice Department

This report was prepared bys
Re Ee McCONNSLL, Head Physics Divielon
Torminal Ballistics Dypartment
¢

This report was reviewed bys
Re He LYDDANE, Director of Research
Torainal Ballistics Department
W. Be ROBERTSON, Lieutenant Commander, USN
Torninal Ballistics Officer ‘
Torainal Balliistics Department o .
Ce Co BRAMBLE, Director of Raossarch, Ordnance Group :

@ T
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APPROVED:s J. Feo BIRNE
Captain, USH
Comnander, laval Proving Ground

E. Ao RUCKIER
Captain, USN
Ordnznce 0fficer
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Photograph of Left-hand Flash Plntes after Round 3.
Figure 10
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1 May 1952

Photograph of Left-hand Flash Plate after Round 5.
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3 Pallistics of Rod-lLike Fragmeuts
| . TABLE 111 ]
: . ‘ HARDNESS VSe DISTAUCE ACROSS ROD CROSS SECTION .
: 4
! ' Distance from Spocimon Mo, C=736 ) K g, Load, 10,25mm Qbdsctive
S Explosive Knoop
y Face_(mm) R=1 R=2 FaVe Hayrdnoos ]
l 0410 868 407 461 320
a 0429 855 406 449 336
; 030 850 394 456 326
,‘ 0440 865 416 NN 336
¢ 0450 865 417 h48 338
! 075 872 420 h52 332
| 1,00 873 403 470 308
. 1,25 870 505 565 314
; 1,50 865 400 465 314
: 1,75 865 403 462 317 ;
. 2,00 865 404 461 320 |
; 2,25 871 402 469 208 a.
2,50 876 396 480 294
2,75 878 396 482 291
3.00 872 398 L74 302
3.25 877 388 489 284 1
; 3.50 . 868 390 478 297
3675 876 388 488 286
. 4400 869 383 4,86 289
| | he25 868 385 483 291
Le50 867 385 482 291 g
Le75 870 390 480 294 e
.o 5000 869 389 480 291 : :
. i 5425 863 384 479 297 ’
3t 5450 861 389 472 305 . .
oy : 5¢75 864 386 L78 297 _
R 6400 855 388 L67 311
coo ! 6e25 866 387 479 297
- . 6450 866 383 4,83 291 ,
S 6e'75 875 373 502 269 - N
7+00 907 347 560 216 :
Te25 910 344 566 211 ;
Te 50 906 347 559 217 1
_ Te75 895 47 5,8 : 226
. 8425 887 347 540 232 | ’
> 3] 8,50 806 345 541 231
. Be75 900 318 582 , 139 !
£ 8,83 Edge of Specimon i
el CONFIDENTIAL ,
. ] SZCURITY INFORMATION ' APPENDIX F “
i :
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NP9=51571 1 Docember 1952 CONFIDENTIAL

SECURITY INFORMATION
Photomicrograph of cross=sccticn of rod after firing. Explosive
face i3 at the left, Dark band a% the right is the soft region.
(Nital-picral etch, 15X).
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NP9=-51 1 Deocember 1952 CONFIDERTIAL
e ° SENURITY INFORMATION

portion of rod (left-hand
able effects of cold working.
ferrite (Kital

Pnotomlicropgraph of severely worked
side of Figure 20) showing consider
The dark grains are pearlite, tho licht crains

etch, 1000X).
Figure 21
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£ rod (rightehand side of
d indicating moderate cold

NP9-51550

Photomicrograph of softer poriion o
Flgure 20) showing some twinning an
working. (Nital etch, 1000X).

Flgure 22
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